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Objective:We evaluated the ability of a novel automatic index based on area strain to reliably quantify global
and regional left ventricular (LV) function and accurately identify wall motion (WM) abnormalities using three-
dimensional speckle tracking echocardiography.Methods: A total of 140 consecutive patients underwent two- and three-dimensional echocardiography.
Segmental WM assessment by area strain was compared with visual assessment of two-dimensional images
by two experienced echocardiographers. For global LV function assessment, area strain was validated against
LV ejection fraction (EF) and wall motion score index (WMSI). Observer reliability was assessed in all patients,
whereas test–retest reliability was evaluated in a subgroup of 50 randomly selected patients. Normal reference
values of area strain were determined in 56 healthy subjects.Results: Agreement of WM scores between area strain and visual assessment was found in 94% of normal,
55% of hypokinetic, and 91% of akinetic segments (k-coefficient 0.88). Sensitivity, specificity, and accuracy
of area strain to distinguish abnormal segments from normal segments were 91%, 96%, and 94%, respec-
tively. In regard to global LV function assessment, area strain was highly correlated with EF and WMSI
(r = 0.91 and 0.88, respectively). Observer and test–retest reliability of area strain for quantitative assessment
of global and regional LV function were good to excellent (all intraclass correlation coefficients $0.77). Intra-
observer and interobserver reliability of semiquantitative segmental WM analysis by area strain (k-coefficients
0.87 and 0.73) were comparable to visual assessment by experienced echocardiographers (0.85 and 0.69,
respectively).Conclusion: Area strain represents a promising novel automatic index that may provide an accurate and
reproducible alternative to current echocardiographic standards for quantitative assessment of global and
regional LV function. Area strain seems to adequately identify regional wall motion abnormalities compared
with the clinical standard of visual assessment by experienced echocardiographers. (J Am Soc Echocardiogr
2011;24:314-21.)
Keywords: Echocardiography, Left ventricular function, Speckle tracking, Three-dimensional imagingartment of Cardiology, and Institute for Cardiovascular Research, VU
edical Center, Amsterdam, The Netherlands (S.A.K. M.F.A.A.,
.); Interuniversity Cardiology Institute of the Netherlands, Utrecht,
ds (S.A.K., A.C.v.R., O.K.); and Department of Epidemiology and
and The EMGO Institute for Health and Care Research, VU
dical Center, Amsterdam, The Netherlands (C.B.T.).
terest: None.
sts: Sebastiaan A. Kleijn, MD, Department of Cardiology 5F 003,
Medical Center, De Boelelaan 1117, 1081 HV Amsterdam,
ds (E-mail: s.kleijn@vumc.nl).
6.00
1 by the American Society of Echocardiography.
echo.2011.01.014Accurate and reproducible evaluation of global and regional left
ventricular (LV) function is of vital importance for the determination
of diagnosis, prognosis, and therapeutic options of multiple cardio-
vascular diseases.1-5 However, in daily clinical practice the
echocardiographic evaluation of regional LV function is mainly
performed by visual estimation on two-dimensional echocardio-
graphic images, which is known to be subjective and insufficiently
reliable for sequential use.6,7
Thenewlydeveloped three-dimensional speckle trackingechocardi-
ography (STE) provides a fast and comprehensive quantitative assess-
ment of LV myocardial dynamics in all four dimensions, and does so
with all LV segments in their spatial and temporal relation to each other
within the same data set.8 With the development of three-dimensional
STE technology, area strain was introduced as a novel automatic index
Figure 1 Area strain. Schematic representation of a myocardial
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graphic evaluation of global and
regional LV function. During LV
contraction, the endocardial
surface area decreases in size
because of longitudinal and
circumferential shortening, and
radial myocardial thickening.
Area strain reflects this change in
the endocardial surface area and
quantifies it by giving the percent-
age change in area from its origi-
nal dimensions (Figure 1).
Because the change in endo-
cardial surface area should be re-
lated to wall motion (WM) andsegment of the left ventricle is shown with its endocardial sur-
face depicted in orange. At end diastole, the endocardial sur-
face area is represented in its unstressed original dimensions.
During contraction, the size of the endocardial surface area de-
creases because of deformation of the myocardial segment. At
end systole, deformation of the endocardial surface area rea-
ches its maximum. Thus, contrary to directional strains such
as radial, circumferential, and longitudinal strain, which are cal-
culated from changes in distance in their respective directions,
area strain represents the percentage change in endocardial
surface area from its original dimensions.the simultaneous change in LV volume used for the respective mea-
surements of the wall motion score index (WMSI) and LV ejection
fraction (EF), a strong relationship between area strain and these tra-
ditional parameters of global LV function is expected. More impor-
tant, this parameter should be sensitive for detecting attenuating
effects of ischemia and scar on regional WM, which are commonly
most pronounced in the subendocardial layer of the myocardium.
Thus, it may provide a fast and reproducible automatic assessment
of wall motion abnormalities (WMAs) that is as accurate as visual as-
sessment by experienced echocardiographers.
The primary objectives of this study were to (1) validate area strain
with traditional parameters of global and regional LV function, in par-
ticular its ability to identifyWMA compared with visual assessment by
experienced echocardiographers; (2) determine its observer and test–
retest reliability in patients with cardiac disease with a wide range of
LV function; and (3) establish normal reference values in a healthy
population.MATERIALS AND METHODS
Patients and Healthy Subjects
A total of 140 consecutive patients visiting our laboratory for echocar-
diographic examination were enrolled in this study. Twenty-six pa-
tients (19%) were excluded after echocardiographic acquisitions
because of poor image quality (defined as >4 non-visualized seg-
ments) (n = 16), irregular heart rhythm (n = 7), or a failure in data ex-
portation from the scanner (n = 3). Of the remaining 114 patients in
the study group (67 men, mean age 59616 years, mean LV EF 51%
6 13%), 48 had ischemic heart disease, 44 had various diagnoses of
heart disease (e.g., valvular, congenital, and nonischemic forms of car-
diomyopathy), and 22 had suspected cardiac disease, but no cardiac
abnormalities were identified during echocardiographic examination.
To determine normal reference values for area strain, 56 selected
healthy subjects were included in the study. The healthy subjects
(44 men, mean age 40615 years, mean LV EF 61%6 4%) satisfied
the following criteria: no history of cardiac symptoms, hypertension,
or diabetes; no use of medication; and normal physical examination,
electrocardiogram, and echocardiogram results. All subjects gave
informed consent, and the local ethics committee approved the
protocol.
Echocardiographic Imaging
Three-dimensional STE imaging was performed from an apical
position using a commercial scanner (Artida 4D, Toshiba MedicalSystems, Tustin, CA) with a fully sampled matrix array transducer
(PST-25SX). Wide-angled acquisitions were recorded, in which six
wedge-shaped subvolumes were acquired over seven consecutive
cardiac cycles during a single breath-hold. While retaining the entire
LV within the pyramidal volume, depth and sector width were
decreased as much as possible to improve the temporal and spatial
resolution of the images, resulting in a mean temporal resolution of
21 6 2 volumes per second.
A standard two- and three-dimensional echocardiographic exami-
nation was performed using a different commercial scanner (iE33,
Philips, Amsterdam, The Netherlands). Two-dimensional echocardio-
graphic images were optimized for segmental WM assessment by
modifying the gain, compress, and time-gain compensation controls,
after which cine-loops of three consecutive beats were recorded,
while making an effort to avoid foreshortening. The methodology
of acquiring three-dimensional echocardiographic data sets was simi-
lar to that of three-dimensional STE data sets with the exception of
acquiring seven wedge-shaped subvolumes during a single breath-
hold instead of six subvolumes. Three-dimensional STE images
were analyzed online, whereas two- and three-dimensional echocar-
diographic images were stored digitally for offline analysis of segmen-
tal WM and LV EF, respectively.Segmental Wall Motion Analysis
Segmental WM was visually graded in parasternal and apical two-
dimensional views by two experienced readers (MFAA, OK)
according to the appropriate 16-segment model and scored as
follows: normal or hyperkinesis = 1, hypokinesis = 2, akinesis = 3,
dyskinesis = 4, and aneurysmal = 5.9 WMSI was calculated as the
average score of all analyzable segments. Because the number of dys-
kinetic and aneurysmatic segments was small, they were grouped to-
gether with akinetic segments for segmental comparisons of area
strain versus visual assessment. Segments with agreement between
Figure 2 Normal reference values of area strain in a healthy population (n = 56). Mean 6 SD of area strain values found in each LV
segment, region, and level, and for the entire left ventricle.
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mine the accuracy of area strain.
Segmental WM analysis by three-dimensional STE involved the
readers (SAK, MFAA) to set three markers on two orthogonal apical
views, namely, two markers at the edges of the mitral valve ring and
one marker at the LV apex. The LV endocardial border was then au-
tomatically detected by the three-dimensional WM tracking software
(Toshiba Medical Systems), after which the reader could manually
adjust the endocardial border and myocardial thickness if necessary.
The system then automatically performed the segmentalWM analysis
through the entire cardiac cycle, providing continuous values of global
and segmental strain and displacement including area strain for all 16
segments simultaneously. Readers were blinded to the clinical data of
the patients and the results of the other analysis method used.Comparison of WM Analysis Methods
First, segments were evaluated on interpretability based on visual
inspection of two- and three-dimensional images. Subsequently,
receiver operating characteristic curve analysis was applied to deter-
mine optimal cutoff values for area strain to best differentiate among
normal, hypokinetic, and akinetic segments as established by visual as-
sessment (i.e., normal vs. other segments and akinetic versus othersegments respectively). Analysis of agreement between area strain
and visual assessment for identifying segmental WMA was done for
three-level ordinal scores (normal, hypokinetic, and akinetic) and
binary categorization into normal and abnormal segments.
Sensitivity, specificity, positive and negative predictive values, and
accuracy of area strain versus visual assessment were determined
for all segments that were scored by both methods. This was done
for the entire LV, and for basal, mid, and apical levels separately.
Observer and Test–Retest Reliability
Observer reliability of global and regional area strain was assessed in
all 114 patients. Three-dimensional STE datasets were analyzed for
interobserver reliability by two separate observers. Intraobserver mea-
sures were performed on average 1 week apart in random order. In
addition, test–retest reliability was assessed in a randomly selected
subgroup of 50 patients. A complete restudy was performed within
1 hour after the first study without alteration of hemodynamics or
therapy. Each study was subsequently analyzed by separate observers
to best reflect daily clinical practice.
Statistical Analysis
Data were analyzed using SPSS version 15.0 (SPSS, Inc., Chicago, IL).
Continuous data are presented as mean 6 SD. Categoric data are
Table 1 Segmental WM scores by visual assessment
according to location
Normokinetic Hypokinetic Akinetic Total
Basal 413 74 42 529
Mid-ventricular 380 73 59 512
Apex 214 36 54 304
All 1007 183 155 1345
Segmental WM scores of the LV according to the 16-segment model
subdivided by ventricular levels (i.e., basal 6 segments, mid-
ventricular 6 segments, and apical 4 segments).
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a normal distribution based on descriptives of mean, median, SD,
minimum and maximum, and graphic inspection of histograms.
Statistical significance was defined as P < .05.
The association between area strain and LV EF and WMSI were
tested using intraclass correlation coefficients (ICCs). Differences in
the presence of WMA in patients according to area strain and visual
assessment were assessed with the Fisher exact test. Significance of
differences in magnitude of segmental area strain values among
normal, hypokinetic, and akinetic segments as determined by visual
assessment was assessed by independent-samples t tests. To adjust
for clustering of segments within subjects, multilevel analysis was
performed using MlWin version 2.21. Intermethod agreement of
WM scores between area strain and visual assessment was evaluated
using Cohen’s unweighted k coefficient for binary variables (normal
vs. other, hypokinetic vs. other, akinetic vs. other) and the k coefficient
with quadratic weighting for the three-level ordinal variable (normal =
1, hypokinetic = 2, akinetic = 3).10
Observer and test–retest reliability of area strain as a continuous vari-
able were assessed using ICC with a variance components procedure
(restricted maximum likelihood method of estimation), where the
observer and subject (or segment) were entered as random effects.10
The clinical significance of ICC was interpreted as follows: excellent,
ICC $0.80; good, 0.60 # ICC <0.80; moderate, 0.40 #
ICC<0.60; and poor, ICC<0.40. The kappa coefficientwith quadratic
weighting (kqw)was used as an indexof interobserver and intraobserver
reliability of area strain as a three-level ordinal variable (normal = 1,
hypokinetic = 2, akinetic or worse = 3), and its clinical significance
was interpreted in a similar manner as described for ICC.10Figure 3 Comparison of area strain with visualWMassessment.
Comparison of area strain with visual assessment of two-
dimensional images by experienced echocardiographers for
segmental WM assessment. Mean 6 SD and individual data
plot of segmental area strain according to WM scoring by visual
assessment in patients (n = 114) and healthy controls (n = 56).
Horizontal dotted lines represent the cutoff values of area strain
that best differentiate among normokinetic, hypokinetic, and
akinetic segments.RESULTS
Normal Reference Values
In the population of healthy subjects, global and segmental area strain
demonstrated normal distributions and small SDs, indicating
relatively tight normal ranges (Figure 2). However, functional non-
uniformity in the average value of area strain was observed between
individual segments and between different regions and levels of the
LV. In the circumference, area strain increased significantly from infer-
oseptal to anterolateral regions (P< .05). Longitudinal non-uniformity
was most pronounced on the apical level, demonstrated by higher
values of area strain found in the apex compared with basal and
mid-ventricular levels (P < .001).Regional LV Function Assessment
A total of 1824 segments from 114 patients were analyzed for
regional WMA by means of visual assessment of two-dimensional
echocardiographic images and automatic area strain assessment of
three-dimensional STE volumes. Because of poor image quality,
significantly more segments were deemed uninterpretable by auto-
matic assessment of three-dimensional volumes than by visual assess-
ment of two-dimensional images (223 [12.2%] vs. 63 [3.5%]
segments, P < .001). Segments deemed uninterpretable in two-
dimensional echocardiographic images were largely also considered
uninterpretable in three-dimensional views, and the distribution of
these segments was evenly distributed among ventricular levels. For
three-dimensional echocardiographic in general, uninterpretable seg-
ments were primarily located in the anterior wall and apex (92% of alluninterpretable segments). After exclusion of uninterpretable seg-
ments and segments with equivocal scores by visual assessment
(479 [26.3%] segments), 1345 segments (73.7%) were available for
comparison of both assessment methods (Table 1).
Area strain was significantly decreased in segments with WMA
compared with normal segments, as well as in akinetic segments
compared with hypokinetic segments (Figure 3). To differentiate
among normokinetic, hypokinetic, and akinetic segments, receiver
operating characteristic curve analysis revealed optimal cutoff values
of 32% and 24%, respectively. By applying these cutoff values,
general concordance of WM scores by area strain and visual assess-
ment was excellent (kqw 0.88), with agreement found in 94% of
normokinetic segments and 91% of akinetic segments, but in only
55% of hypokinetic segments.
To distinguish abnormal segments from normal segments, area
strain had sensitivity, specificity, positive and negative predictive
values, and accuracy of 91%, 96%, 92%, 95%, and 94%, respec-
tively. Equal performance measures for differentiation of normal,
hypokinetic, and akinetic segments, each versus all other segments,
Table 2 Performance measures of area strain to differentiate normal, hypokinetic, and akinetic segments according to location
Sensitivity Specificity PPV NPV Accuracy k coefficient AUC
LV
Normokinetic vs. other 94% 94% 97% 86% 94% 0.855 (0.822–0.887) 0.977
Hypokinetic vs. other 55% 94% 62% 92% 87% 0.510 (0.440–0.580) 0.825
Akinetic vs. other 91% 94% 69% 99% 93% 0.747 (0.693–0.800) 0.975
BASE
Normokinetic vs. other 93% 90% 96% 82% 92% 0.802 (0.740–0.865) 0.967
Hypokinetic vs. other 53% 93% 59% 91% 86% 0.475 (0.364–0.587) 0.857
Akinetic vs. other 88% 94% 61% 99% 94% 0.683 (0.576–0.790) 0.975
MID
Normokinetic vs. other 94% 96% 98% 87% 94% 0.873 (0.824–0.922) 0.982
Hypokinetic vs. other 55% 94% 63% 91% 87% 0.513 (0.402–0.624) 0.835
Akinetic vs. other 93% 93% 66% 99% 93% 0.732 (0.645–0.819) 0.971
APEX
Normokinetic vs. other 95% 96% 98% 91% 95% 0.899 (0.844–0.955) 0.984
Hypokinetic vs. other 61% 95% 65% 94% 90% 0.571 (0.424–0.719) 0.759
Akinetic vs. other 91% 95% 82% 98% 94% 0.821 (0.736–0.905) 0.979
PPV, Positive predictive value; NPV, negative predictive value; k, Cohen’s kappa coefficient; AUC, area under the curve.
Performancemeasures are derived from the optimal cutoff values of32% and24%determined by receiver operating characteristic curve anal-
ysis. The values in parentheses are exact binomial 95% CIs.
Figure 4 Relationships between area strain and EF or WMSI. Results of linear regression analyses for global LV function assessment
by area strain and independently derived (A) LV EF and (B) WMSI, respectively. ICC, Intraclass correlation coefficient.
Table 3 Presence of WMA in patients according to area
strain and visual assessment
Visual assessment
Normal WMA Total
Area strain
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March 2011are provided in Table 2 for the entire LV, and for basal, mid, and
apical levels individually. Overall, area strain showed good perfor-
mance versus WM scoring by visual assessment with a trend toward
improvement from basal to apical levels (base: kqw 0.84; mid: kqw
0.89; apex: kqw 0.92). However, the sensitivity and positive
predictive value for detection of hypokinetic versus other segments
were modest.Normal 22 0 22
WMA 23 69 92
Total 45 69 114
P < .001 with Fisher exact test.Global LV Function Assessment
In the patient population, mean global area strain, EF, and WMSI
were 35% 6 10%, 51% 6 13%, and 1.50 6 0.59, respectively.
Area strain had an excellent correlation with EF and WMSI as tradi-
tional parameters of global LV function (Figure 4). In addition,
WMSI based on the WM scores by area strain was calculated for
each patient and compared with WMSI by visual assessment. An ex-
cellent correlation of 0.96 was found between both WMSI methods,
but area strain tended to somewhat overestimate WMSI compared
with visual assessment (1.556 0.58 vs. 1.506 0.59, P < .001), which
is also evidenced by the significantly larger number of patients with
WMA according to area strain compared with visual assessment
(Table 3). The Bland–Altman plot (Figure 5) demonstrates that agree-ment was high in patients with a (near) normal or significantly abnor-
mal WMSI (close to a score of 1.0 and 3.0), with greater variability
found in patients with a moderate WMSI (close to a score of 2.0).
Observer and Test–Retest Reliability
Observer and test–retest reliability of global and segmental area strain as
continuous variables are presented in Figures 6 and 7. Intraobserver and
interobserver reliabilities of semiquantitative segmentalWManalysis by
area strain and visual assessment, assessed in all 114 patients, were
Figure 5 Comparison of WMSI by visual assessment and area strain. Results of linear regression (A) and Bland–Altman (B) analyses
for WMSI by area strain and visual assessment by experienced echocardiographers. ICC, Intraclass correlation coefficient.
Figure 6 Reliability of global area strain. Results of linear regression (top) and Bland–Altman (bottom) analyses for intraobserver
(left), interobserver (middle), and test–retest (right) reliability of global area strain. ICC, Intraclass correlation coefficient.
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area strain, and 0.85 and 0.69 for visual assessment, respectively).DISCUSSION
Area strain is a novel automatic index to quantitatively evaluate global
and regional LV function with three-dimensional STE. The clinical
value of a complete assessment of global and regional LV function
within one fast analysis is considerable because many clinical deci-
sions are dependent on these evaluations and daily clinical practice
demands a time and cost-efficient approach. Moreover, an automatic
index requires less training and expertise, making the assessment of
LV function more objective and consistent in the hands of echocardi-
ographers with varying levels of skill. However, proof of the reliability
and accuracy of area strain needs to be established before considering
its potential clinical use.Reliability
The intraobserver and interobserver reliability of quantitative mea-
surements of area strain were excellent for both global and regionalLV function. The high consistency within and between observers is
likely related to the fact that assessment of area strain is highly auto-
mated, reducing the number of manual operations to a minimum.
The limited observer interaction still needed (e.g., manual adjustment
of the endocardial border and myocardial thickness) may account for
the variance still found within and between observers. Moreover,
test–retest reliability of area strain for global and regional LV function
was shown to be clinically acceptable, supporting its use for follow-up
LV assessment in daily practice.Validation
The results of our study confirmed the ability of area strain to accu-
rately identify regional WMA compared with visual assessment by ex-
perienced echocardiographers. Performance measures of area strain
to distinguish abnormal from normal segments were excellent.
However, agreement between area strain and visual assessment
regarding hypokinetic segments was substantially less (55%) than
agreement on normokinetic and akinetic segments (94% and 91%,
respectively). This is likely related to the fact that the classification
of hypokinesis is more subjective, demonstrated by the equally low
Figure 7 Reliability of segmental area strain. Results of linear regression (top) and Bland–Altman (bottom) analyses for intraobserver
(left), interobserver (middle), and test–retest (right) reliability of segmental area strain. ICC, Intraclass correlation coefficient.
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ing of hypokinetic segments (57%) in this study, which is consistent
with findings in other studies.11,12
Furthermore, WM scores assigned by area strain tended to be
somewhat higher than WM scores by visual assessment, demon-
strated by the larger number of abnormal segments detected and
the subsequent minor overestimation of WMSI by area strain.
Visual assessment of WM is based on evaluation of wall thickening
and radial displacement, whereas area strain reflects the deformation
of the endocardial surface, which during contraction will decrease in
area size through longitudinal and circumferential shortening, and
radial thickening. Because the subendocardium is the region of the
myocardium most vulnerable to the presence of ischemic heart
disease, early signs of impairment of LV function due to ischemia
are often a decrease in longitudinal mechanics.13 Therefore, it is con-
ceivable that area strain classified more patients as having regional
WMA compared with visual assessment because it is sensitive enough
to detect even mild impairment of segmental LV function without
visually apparent WMA. Moreover, semiquantitative segmental
WM analysis by area strain was at least as reliable as visual assessment
by experienced echocardiographers. Because the automated analysis
by area strain requires minimal training and obviates the need for the
high level of competence that is necessary for accurate visual
assessment of WM, it may serve as an independent alternative to
the current echocardiographic standard of WM assessment that is
both objective and consistent.
The use of area strain for global LV function assessment seems to
be validated by the excellent correlations found with EF and
WMSI. In the heterogeneous population of patients with cardiac dis-
ease who were studied, the relationship with these traditional param-
eters was strong and steady over a wide range of LV function. Many
clinical decisions depend on the actual numeric value of global LV
function, such as when to place an implantable cardioverter-
defibrillator or give cardiac resynchronization therapy. Although
according to current guidelines quantitative assessment of LV EF bytwo-dimensional biplane echocardiography is the method of choice,
it is not inconceivable that three-dimensional derived indices of LV dy-
namics may provide better selection criteria for these therapies.14-16
The fact that area strain can provide a quantitative assessment of
global LV function, myocardial viability, and intraventricular
dyssynchrony within one analysis using three-dimensional STE could
prove to be a major advantage in this regard.17Functional Non-uniformity
The differences found in the average value of area strain between in-
dividual segments, and between different regions and levels of the LV,
were important observations in the evaluation of the healthy popula-
tion. Functional non-uniformity is a known feature of both the normal
and diseased LV that may have implications for the validity of the
assessment of their function.8,18,19 Indeed, some differences in the
performance measures of segmental WM assessment by area strain
were observed between different LV levels (Table 2), but none
were substantial enough to warrant separate cutoff values.STUDY STRENGTHS AND LIMITATIONS
The major strength of this study is its intent to evaluate area strain in
a real-world scenario that closely approximates everyday clinical prac-
tice. The study design provided an initial step in validating area strain
for quantitative assessment of global and regional LV function using
three-dimensional STE. However, the study design also has some lim-
itations. The lack of an independent reference technique precluded
direct comparison of accuracy of area strain and current echocardio-
graphic standards. Moreover, a future study testing the performance
of currently proposed cutoff values for segmental WM assessment
by area strain in a prospectivemanner is warranted. From the perspec-
tive of feasibility, it is important that the patients enrolled in this study
were consecutive patients, reducing selection bias based on the type
Journal of the American Society of Echocardiography
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limits the generalization of study results. However, the evaluation of
feasibility of area strain or three-dimensional STE in general was not
an aim of our study. First, segments were evaluated on interpretability
based on image quality after acquisition of two- and three-
dimensional images before comparing both methods of segmental
WM analysis, as preordained in our protocol. Thus, it may be possible
that segments were excluded from analysis that would have been ac-
curately tracked and analyzed by the three-dimensional STE software
despite poor image quality. Furthermore, seven patients were ex-
cluded from this study because of the presence of an irregular heart
rhythm. Although it would have been feasible to acquire single-beat
three-dimensional STE data sets with the applied echo system in these
patients, image quality of single-beat acquisitions is currently not on
an equal level with image quality of the multi-beat acquisitions used
in this study, potentially confounding the study results. Additional re-
search is required to evaluate the feasibility of three-dimensional STE
to assess LV dynamics in different patient populations and the relative
importance of current limitations of the three-dimensional STE tech-
nology, such as the low frame rates, suboptimal image quality, and
limited assessment of apical segments due to narrow sector angles.
It is clear that further improvements in both hardware and software
are needed to address these limitations as a means toward a fast
and fully automated evaluation of LV function that ultimately will
have a significant impact on our diagnostic confidence and patient
management.CONCLUSIONS
Area strain represents a promising novel automatic index that may
provide an accurate and reproducible alternative to current echocar-
diographic standards for quantitative assessment of global and
regional LV function. Area strain seems to adequately identify
regional WMA compared with the clinical standard of visual assess-
ment by experienced echocardiographers. Future studies will have
to determine the potential use of area strain in a variety of clinical
scenarios, such as quantitative evaluation of WMA in the setting of
acute myocardial infarction and assessment of global LV function
and dyssynchrony in patients with heart failure who may be eligible
for cardiac resynchronization therapy.ACKNOWLEDGMENT
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